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ABSTRACT

This study was conducted to investigate the association of Ghrelin gene polymorphisms and
expression levels with some biochemical traits of broiler chickens. Two hundred broiler chicks
Ross308, one-day old were wing-tagged and reared under optimal conditions. Blood samples
were collected individually from all birds on 21 and 35 days of age. Proventriculus was
collected at 35 days of age from thirty birds of each of groups sorted according to growth rate
for high, moderate and low to measure ghrelin gene expression by real-time RT-PCR. The
serum traits of glucose, uric acid, cholesterol, triglyceride, high density lipoproteins (HDL),
low density lipoproteins LDL, total protein, aloumin, globulin, aspartate transaminase (AST),
alanine transaminase (ALT) and alkaline phosphatase (ALP) were not influenced by ghrelin
gene polymorphisms. While significant (P < 0.01) differences were recorded among the three
chicken groups with high, moderate and low ghrelin expression in serum glucose, uric acid,
total protein, albumin, cholesterol, triglyceride, HDL, AST, ALT and ALP concentrations at
21 and 35 days of age which increased with increasing ghrelin gene expression. The PCR-
RFLP technique revealed no significant differences between GG and LL genotypes of ghrelin
gene in all biochemical traits at 21 and 35 days of age, whereas ghrelin gene expression had a
significant effect on serum glucose, uric acid, total protein, albumin, cholesterol, triglyceride,
HDL, AST,ALT and ALP.
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INTRODUCTION

Ghrelin has passed seventeen years since its
discovery in rats. At the present time,
thousands studies were conducted in mammal
and non-mammal animals to identify
properties of ghrelin in most animal species.
Broiler chickens are considered as a favorable
animal for eperiments (2 ,13) defined ghrelin
as the first endogenous ligand of the growth
hormone Secretagogue receptor (GHS-R) that
stimulates GH release. Ghrelin consists of 26
amino acids long (in most avian species) and
sharing 54 % amino acid sequence identity
with human and rat ghrelin which generally
consists of 28 amino acids in mature ghrelin
peptide (15). Since 1999 when the important
role of ghrelin in promoting GH secretion was
discovered, studies and research works trying
to discover the existence and physiological
functions of ghrelin in different organisms
such as human, fish, mouse, rat and avian
species were increased dramatically. In avian,
gastrointestinal tract produces ghrelin hormone
from enteroendocrine cells, which s
distributed in most parts of gastrointestinal
tract, especially in proventriculus, so these
cells play essential role in control several
processes related to food intake and food
digestion, in consequence of effect on bird
metabolism status through sensation several
compounds like lipids, proteins, carbohydrates
amino acids and others (6 , 14 , 31). Because
signals are transferred by several sensors
found on surface of these cells, ghrelin can be
categorized as brain-gut hormone (8 , 15). The
first signal that has inhibitory effect or
orexigenic effect is produced by activation the
axon terminals of neuropeptide Y (NPY),
Gamma Aminobutyric acid (GABA) and
Agouti-related peptide (AGRP) by activation
GHS-R distributed on terminals of axon (7 , 24
, 30). NPY is considered the major
neurotransmitter with orexigenic effect on
food intake in avian species, NPY inhibits the
activity of Proopiomelanococortin (POMC)
and Cocaine-and  amphetamine-regulated
transcript (CART) through inhibitory action of
GABA in the postsynaptic of Y1 and Y5
receptors that blocks nerve impulses (12 , 28),
while releasing AGPR neurons leads to blocks
of melanocortin 4 receptor (MC4R) which is
defined as specific receptor for a-melanocyte
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stimulating hormone (a-MSH). Block MC4R
leads to stimulating food intake in avian
species, in other words, AGPR decreased
binding a-MSH with MC4R during fasting or
food restriction, therefore AGPR increased
versus decreased in POMC (19,19, 29). There
was a shortage in studies concerning ghrelin
gene polymorphisms and expression in
modern commercial strains and its association
with some biochemical traits, therefore this
study aimed to investigate the relationship
between ghrelin gene expression and each
growth rate level with some biochemical traits
in broiler chickens type Ross 308.

MATERIALS AND METHODS

This study was conducted at AL-Aammeri
hatchery and poultry farm in Mahaweli Area /
City of Babel during a period from 3 April
2015 to 1 Jun 2015. Two hundred broiler
chicks type Ross308 , one-day old, 41-44
grams average live body, were tagged
individually by aluminum wing tags and
reared in floor pen (2.5mx2.5m). Chicks feed
and water were provided in ad Libitum during
the experiment. Diets were formulated
according to National Research Council (23)
to meet feed requirements of starter and
finisher rations for the birds (table 1). In order
to boost birds' immunity, they were vaccinated
against Newecastle and Gumboro diseases
according to their age. A 4-5ml Blood samples
were collected individually from wing vein of
all birds on 21 and 35 days of age (1). Blood
samples were divided into tubes coated with
EDTA tubes without EDTA (AFCO —Jordan).
The tubes without EDTA were centrifuged
immediately with 8000 rpm for 15 minutes to
separate serum which was decanted into
sterilized glass vials, stoppered tightly and
stored at -18 °C until analysis. Serum glucose,
total proteins, total proteins, triglycerides,
cholesterol, HDL-cholesterol, LDL
cholesterol, Uric acid, AST, ALT, ALP
concentrations were determined by using
commercial kits. Genomic DNA was extracted
from 200 pl of frozen blood by using the
gSYNC™ DNA Extraction Kit (Geneaid
USA). The concentration of DNA samples and
the purity was estimated by nanodrop. The
PCR amplification for ghrelin gene was
carried out using Accu Power PCR PreMix
KIT (Bioneer, Korea). The sequence of
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primers used to characteristic ghrelin gene
(GenBank:JN578262.1)  were,  Forward;
5’AAGGACACGTGGAAACTGCCAGC3’,R
everse;5’ AAGCAGCCTGAGGTGACTGCA

A3’. The amplification program were as
follows: Initial denaturation at 94°C for 3
minutes , followed by 35 cycles of
denaturation at 94°C fo 30 seconds, annealing
at 60°C for 45 seconds, and extension at 72°C
for 1 minute , with final extension at 72°C for
5 minutes, then hold at 4°C . The product was
digested by Hinf I restriction enzyme. At 35
days of age, thirty chickens of each of high,
moderate and low growth rates were selected
and slaughtered to collect proventriculus,
which was deep frozen in liquid nitrogen until
measuring ghrelin gene expression.  Total
RNA was extracted from proventriculus tissue
using Total RNA Mini Ki (Geneaid USA).
Conversion of mRNA into double-stranded
cDNA carried out by using AccuPower®
RocketScript™ RT PreMix kit (Bioneer -
Korea). Complementary DNA of ghrelin was
amplified with the following primers: F: CCT
TGG GAC AGA AAC TGC TC and R: CAC

CAA TTT CAA AAG GAA CG with used
chicken 18S ribosomal RNA F: CGCGTG
CAT TTATCA GAC CA, R: ACC CGT GGT
CAC CAT GGT A (Gene Bank accession no
AF173612) as an internal control in qPCR.
AccuPower® GreenStarTM gPCR  PreMix
was used to mRNA expression quantified
using the Exicycler™ 96 (Exicycler™ 96
Real-Time Quantitative Thermal Block,
Bioneer Co.) apparatus according to following
protocol: one cycle of Pre Denaturation 95 °C,
1-5 min, 40-45 cycles of Denaturation 95 °C,
5-20 sec, Annealing/Extension at 55-60 °C for
40-45 sec, Detection(Scan) then one cycle of
Melting. After completion reaction, all data
were obtained using Exicycler 96 Real-time
Quantitative Thermal Block (Bioneer Co.).
The CT for each sample was determined by
Exicycler 96 detection software (version 1.2,
Bioneer) and quantitative was calculating by
2-AACt method (20). Data were subjected to
analysis of variance (26) and significant means
were separated by Duncan’s multiple range
test (10).

Table 1. Ingredients and composition of the experimental diets

Ingredients Starter ration (%0) Finisher ration (%)
Yellow corn 37 45
Soybean meal(48% protein) 30 26
Wheat 26 20
Protein concentrate’ 5
Sunflower oil 15 35
Premix™ 0.1 0.1
Salt 0.3 0.3
Dicalcium phosphate 0.1 0.1
Total 100 100
Calculated chemical analysis

Metabolize energy (kcal/kg) 2926 3097.8
Crude protein (%) 22.4 20.5
Calcium (%) 0.82 0.80
Available phosphorus (%) 0.61 0.58
Methionine (%) 0.61 0.58
Lysine (%0) 1.74 1.63

1protein concentrate contain; Crude Protein 40%, Crude fat 7.5 %, Crude fiber 3 %, Calcium 12%, phosphorus(av) 4.8
% methionine 3.7%, meth + cys. 4.0 %, Lysine 3.9 %, sodium 2.2 %, metabolizable Energy 2000 kcal/kg.

RESULTS AND DISCUSSION

Data  exhibited that  ghrelin gene
polymorphisms did not affect glucose, uric
acid, cholesterol, triglyceride, HDL, LDL,
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total protein, albumin, globulin, AST, ALT
and ALP in blood serum of broiler chickens
type Ross 308 at 21 and 35 days of age,
mentioned in Table 2.
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Table 2. Effect of ghrelin gene polymorphisms on some serum biochemical traits in Ross 308
broiler chickens at 21 and 35 days of age (Means + SE).

p

Parameter 21 days value 35 days p

GG LL GG LL value
Glucose (mg/dl) 72.27 + 1.09 7231 = 554 NS 168.42 + 3.52 188.49 + 18.54 NS
Uric acid(mg/dl) 5.03 £0.07 498 +£0.38 NS 5.09 +£0.10 5.49 £0.62 NS
Cholesterol( mg/dl) 99.25 + 1.38 99.53+ 8.25 NS 177.46 £ 3.67 195.09 £ 21.52 NS
Triglycerides mg/dl 136.73+ 1.95 136.25+ 12.74 NS 157.38 £ 3.26 173.92 £19.52 NS
HDL (mg/dl) 26.72 +0.43 27.46 + 224 NS 50.94 + 1.10 55.88 + 6.50 NS
LDL( mg/dl) 4518 + 0.64 4481 + 351 NS 95.04 + 1.94 104.42 £11.17 NS
T Protein (g/dl) 3.71+0.06 3.77 +0.42 NS 3.17 + 0.07 343 +0.39 NS
Albumin( g/dI) 1.77 +0.03 1.78 + 017 NS 141 +0.03 1.56 +0.17 NS
Globulin ( g/dl) 1.94 + 0.04 1.99 + 0.28 NS 1.75 +0.04 1.87 £0.24 NS
AST (IU/L) 7.36 £ 0.12 7.57 £ 0.79 NS 7.36 £0.16 8.32 £0.92 NS
ALT (IU/L) 11.79 = 0.25 13.20 = 147 NS 9.28 £0.20 1049 = 1.20 NS
ALP (1U/L) 16.44 + 0.23 16.52 + 1.50 NS 16.35 + 0.34 18.08 + 2.16 NS

NS: No Significant difference, AST : Aspartate transaminase, ALT: Alanine transaminase, ALP : Alkaline phosphatase.

At 21 day s of age, serum glucose and uric
acid concentrations of males and females with
high  ghrelin  gene  expression  were
significantly (P < 0.0.5) higher than those of
low ghrelin gene expression, whereas at 35
days of age, the serum glucose and uric acid
concentrations of male and female broilers
with high ghrelin gene expression were
significantly (p<0.01) higher than those of
moderate and low ghrelin gene expression

(Table 3). Our results were not in agreement
with data mentioned by Lotfi et al., (21), who
revealed that injection 50 and 100 ng of
exogenous ghrelin on 5 and 10 days of
incubation had no significant effect on serum
glucose of newly hatched chickens, since a
significant effect was found in insulin
concentration which increased significantly
with the levels raise of ghrelin injection.

Table 3. Effect of three levels of ghrelin gene expression on serum glucose and uric acid in
males and females of Ross 308 broiler chickens at 21 and 35 days of age (Means + SE).

Serum glucose (mg/dl)

Age (Days) Sex High Moderate Low p value

M 79.83+1.55 2 7298+1.99 ® 68.31+4.53° *

21 F 78.01+1.80 *® 7274199 2 64.03+£2.00° *
Average 7937+ 1.23 2 72.85 £1.39 ° 65.41 +1.98° x*

M 209.40 £3.622 175.18 +3.76 ° 147.47 £12.06 ° x*

35 F 192.55+2.83 @ 166.98 +2.37° 130.14 +4.97 © i
Average 205.19 +3.16 2 170.87 +2.25° 135.71 £5.24 ¢ x>

Serum uric acid (mg/dl)

M 553+0.11° 5.03+012® 470+035° **

21 F 5.42+0.14° 510+0.12° 452+0.15 ° i
Average 5.50 +0.09° 5.07+0.08 ° 458 +0.15 °© bl

M 6.26+0.10 ° 533+0.12° 441+039° x>

35 F 5.93+0.06° 5.06 +0.09 ° 390017 °© bl
Average 6.18 +0.08° 519+0.08 ° 407 £0.17 © **

Gene expression values were expressed as delta ghrelin / delta 18S r RNA ratios. These ratios were more than 0.93, 0.65-
0.75 and less than 0.59 for high, moderate and low levels, respectively. * and ** mean a significant difference at p<0.05

and p<0.01 levels, respectively
These contradictory results can be explained
by capability of insulin to interact directly with
neurons such as ARC NPY that are considered
important neurons to ghrelin action, in other
word when serum glucose or insulin reachs to
certain ratio with serum ghrelin concentration,
the action of ghrelin in hypothalamus is
inhibited (9 , 22 , 32). Table 4 demonstrates
The serum total protein, albumin and globulin
concentration values at 21 and 35 days of age
for both sexes. At 21 days of age, the serum

total protein concentrations of male broilers
with high ghrelin gene expression were
significantly (p<0.01) higher than those of low
ghrelin gene expression (4.07 versus 3.51 g/dl
respectively), whereas serum  albumin
concentrations of male broilers with high
ghrelin gene expression were significantly
(p<0.01) higher than those of moderate and
low ghrelin gene expression (1.94 versus 1.78
and 1.69 g/dl respectively). Serum globulin
concentrations for both broiler sexes with high
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ghrelin gene expression were not significant
different from those of low ghrelin gene
expression. On the other hand, the serum total
protein and albumin concentrations of 35 days
old male broilers with high ghrelin gene
expression were significantly (p<0.01) higher
than those of moderate and low ghrelin gene
expression. In general, serum total protein,
albumin and globulin concentrations at 35
days of age increased along with the increase
of ghrelin gene expression. At 21 days of age,
the serum cholesterol and triglyceride
concentrations of male broilers with high

ghrelin gene expression were significantly
(p<0.01) higher than those of low ghrelin gene
expression, however were not significant with
those with moderate ghrelin gene expression
(table 5). Serum cholesterol concentration of
females at 35 days of age with high ghrelin
gene expression were significantly (p<0.01)
higher than those of low ghrelin gene
expression. In general, serum cholesterol and
triglyceride concentration at 35 days of age are
increase along with increasing ghrelin gene
expression.

Table 4. Effect of different levels of ghrelin gene expression on serum total protein (g/dl),
albumin and globulin in males and females of Ross 308 broiler chickens at 21 and 35 days of age

(Means + SE).
Age (Days) Sex Serum total protein (g/dl) p value
High Moderate Low

M 407+011°% 3.65+0.13% 3514027 ° ok

21 F 3.99 #0.16 2 3.78+0.01 *® 336+0.13 ° o
Average 4.05 +0.10° 371 £0.08 ° 341+012 ° o

M 39240072 3.29+0.07 ° 2774022 ° o

35 F 358 £0.09 2 3.16+£0.04 ° 2.44+011 ° o
Average 3.83 +0.06 ? 3.22 +0.04 ° 2.55+0.10° xx

Serum albumin(g/dl)

M 1.94+0.03 ® 1.78 £0.04° 1.69+0.11° *

21 F 1.90+£0.03 2 1.78£0.04 1.56 +0.05 ° i
Average 1.93 £0.032 1.78+£0.03° 1.60 £0.05 ¢ **

M 1.74+03%2 1.47+0.03 ® 1.23+0.10 © o

35 F 1.61+0.02° 1.41+0.02° 1.09+0.04 °© o
Average 1.71 £0.03 2 1.44 017 ° 1134004 °© xx

Serum globulin(g/dl)

M 2.13+0.09 2 1.87+0.10 ? 1.83+0.17 ° NS

21 F 2.08+0.16 2 1.99+0.07 @ 1.79+0.10 ° NS
Average 212 +0.08 ® 1.93+006 * 1.80£0.08 ° x*

M 218+0.04 2 1.82+0.04 ° 1544012 °© xx

35 F 1.97 £0.07 @ 1.75+0.02 ° 1.35+0.07 ° ok
Average 2.13 £0.40 ? 1.79+0.02 ° 1.41 +0.06 © x*

Gene expression values were expressed as delta ghrelin / delta 18S r RNA ratios. These ratios were more than 0.93, 0.65-
0.75 and less than 0.59 for high, moderate and low levels, respectively. * and ** mean a significant difference at p<0.05

and p<0.01 levels, respectively.

Table 5. Effect of different levels of ghrelin gene expression on serum cholesterol and triglycerides in

males and females of Ross 308 broiler chickens at 21 and 35 days of age (Means + SE).

Serum cholesterol (mg/dl)

Age (Days Se alue
ge (Days) X High Moderate Low pvald

M 108.60 +1.892 100.14 +2.49 ® 94.26 +6.03° *x

21 F 107.41+1.902 100.20 £2.172 88.38+2.82°" **
Average 108.30 + 1.48% 100.17 +1.62° 90.27 + 2.71°¢ *k

M 219.44+391 2 184.73 +3.95° 155.15+12.61°¢ *x

35 F 202.40 £2.932 176.23 + 2,58 ° 13757 £5.36 ¢ *x
Average 21518 +3.37? 180.25 +2.38 P 14322 +554 © *x

Serum triglycerides(mg/dl)

M 150.50 +2.612 138.75 +3.46 ® 130.61 + 8.16° *x

21 F 146.66 +3.57° 137.74+£2.96° 120.40 + 4.09° *x
Average 14954 £2.14% 138.22 +2.23° 123.68 + 3.84° *x

M 194.44 £3.23° 164.50 + 3.44° 137.03+11.38° *x

35 F 17850 +£2.90° 157.06 +2.33 P 12143+ 471° *x
Average 190.45+2.89° 160.58 +2.10° 126.45+4.93 ¢ il

Gene expression values were expressed as delta ghrelin / delta 18S r RNA ratios. These ratios were more than 0.93, 0.65-0.75 and less
than 0.59 for high, moderate and low levels, respectively. * and ** mean a significant difference at p<0.05 and p<0.01 levels, respectively.

At 21 days of age, the serum HDL (p<0.01) higher than those of low ghrelin gene
concentrations of male and females with high expression, whereas no significant differences
ghrelin gene expression were significantly was found with moderate ghrelin gene
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expression (Table 6). Serum HDL and LDL
levels at 35 days of age being increased along
with the increasing ghrelin gene expression.
The results are disagreed with results of Lotfi
and Shahryar (27) who showed that ghrelin
antagonist injected in ovo did not effect
significantly in serum triglyceride
concentration of broiler chickens. On the other
hand a significant decrease was recorded in
serum triglyceride levels of newly hatched
chickens after 50 and 100 ng exogenous
ghrelin in ovo injected at 5 or 10 days of
incubation (21). Decrease of lipid parameters

in low ghrelin gene expressed broiler chickens
could be a result of increase glucagon releases
in response to dropping glucose levels, hence
the fatty acid synthesis is depressed by
glucagon increase. Raise ~ some lipid levels
in  chicken blood serum, especially
triglycerides in high level ghrelin expressed
chickens could be due to the role of these
lipids in promoting transport of ghrelin across
blood brain barrier (BBB), since the
triglycerides is considered as one of the
promoting factors for ghrelin transport in
serum (4, 5).

Table 6. Effect of different levels of ghrelin gene expression on serum High Density Lipoprotein
(HDL- cholesterol) and LDL cholesterol concentrations in males and females of Ross 308 broiler
chickens at 21 and 35 days of age (Means + SE).

Serum HDL(mg/dl)

Age (Days) Sex High Moderate Low p value

M 29.93+0.72° 26.55+0.70 25.83+2.03 ° **

21 F 28.33+0.83% 26.86+0.80 * 23921080 ° i
Average 29.53+0.60° 26.62+0.53° 2453+084 ° **

M 63.46+1.25° 53.33+1.26° 4458 +3.61° el

35 F 58.17+1.08% 50.35+0.83" 38.95+1.49° *x
Average 62.13+1.08 *® 51.76 £ 0.77° 40.75 £1.58 °© o

Serum LDL(mg/dl)

M 48.57 +0.95° 45.85+1.27%® 42.31+262° *x

21 F 49.74+1.05% 45.79+0.98 * 40.83+1.37 ° *
Average 48.87 £0.75¢° 4591+0.78" 41.00+1.24°¢ o

M 117.10+2.08% 98,50 +£2.08"° 83.16 £6.76 ¢ *x

35 F 108.53+1.64% 94.47+1.36 ° 74.33+£3.00 ¢ i
Average 11496 +1.78° 96.38 £1.25° 77.17 £3.01° o

Gene expression values were expressed as delta ghrelin / delta 18S r RNA ratios. These ratios were more than 0.93, 0.65-0.75 and less than 0.59

for high, moderate and low levels, respectively. * and ** mean a significant difference at p<0.05 and p<0.01 levels, respectively.
Table 7. Effect of different levels of ghrelin gene expression on serum Aspartate transaminase (AST), Alanine
transaminase (ALT) and Alkaline phosphatase (ALP) concentrations in males and females of Ross 308 broiler
chickens at 21 and 35 days of age (Means + SE).

Serum AST(lu/L)

Age (Days) Sex High Moderate Low p value

M 8.01+0.22 ° 7.74+023%® 7.12+045° *

21 F 7.96+0.23° 7274024 6.43+0.22 ° **
Average 8.00+£0.18% 749 £0.17° 6.65+0.22°¢ ok

M 9.25+0.17% 7.73+0.19° 6.41+0.39° *x

35 F 8.35+0.11° 7.3240.12° 557+0.22°¢ *x
Average 9.02 £0.15° 752+011° 5.84 £0.24° *

Serum ALT(lu/L)

M 14.61+0.252 12.35+0.26 ° 10.27+0.89 ¢ **

21 F 13.43+0.15° 11.70 £0.16 ° 9.05+0.37°¢ **
Average 14.32+0.22¢% 12.01+0.16° 9.44+039° o

M 11.55+0.212 9.79+0.21° 8.04+0.62° **

35 F 10.61+0.142 9.25+0.14° 7.02+0.29°¢ **
Average 11.32+0.18° 951+0.13" 7.35 £0.29° o

Serum ALP(lu/L)

M 127.83+0.342 117.48 +0.39 ® 110.18 +1.07° e

21 F 125.99 £0.27 2 117.91 +0.36 % 103.80 + 0.47° *x
Average 127.34 +0.262 113.87 +0.26 ° 105.85 +0.46 bl

M 14357 +0.362 12152 +0.35 ® 100.82+1.80°¢ bl

35 F 131.87 £0.232 116.21 +0.23° 88.41+0.49° **
Average 140.67 £0.31° 118.69 +0.21° 92.38 +£0.52°¢ ol

Gene expression values were expressed as delta ghrelin / delta 18S r RNA ratios. These ratios were more than 0.93, 0.65-0.75
and less than 0.59 for high, moderate and low levels, respectively. * and ** mean a significant difference at p<0.05 and p<0.01

levels, respectively.
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The AST and ALP in serum of both sexes of
21 days old, high ghrelin gene expressed were
significantly (p<0.01) higher than those of low
gene expressed, whereas ALT serum
concentration of both sexes of high gene
expressed significantly surpassed low and
moderate gene expressed birds (Table 7). At
35 days of age, ALT, AST and ALP
concentrations in serum of both sexes of high
ghrelin expressed were significantly (p<0.01)
higher than those of moderate and low ghrelin
gene expression. ALT, AST and ALP levels
increase with ghrelin gene expression raise at
35 days of age ( Table 7). Our results did not
match with results of Shahrayar and Lotfi (21)
who did not found a significant difference in
ALP concentration in serum broiler chickens
after in ovo injection 50 and 100 ng of ghrelin.
The positive correlatation between ghrelin
gene expression and ALP concentration is a
result of a physiological roles of ghrelin in
gastrointestinal ~ tract.  which  stimulates
development and function of gastrointestinal
tissue. Several studies in different species
observed that ghrelin leads to stomach and
intestinal development following ghrelin
injection, that leads to increase gastric HCI,
which is important to stimulating maturation
of enterocytes that plays vital role in
activatation ALP (3,11, 18, 33, 34).
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